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Unprovoked atrial tachyarrhythmias in aging spontaneously hyper-
tensive rats: the role of the autonomic nervous system
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Aims: Experimental models of unprovoked atrial tachyarrhythmias
(AT) in conscious, ambulatory animals are lacking. We hypothesized that
the aging, spontaneously hypertensive rat (SHR) may provide such a
model.
Method: Baseline ECG recordings were acquired with radiotelemetry in
eight young (14-wk-old) and eight aging (55-wk-old) SHRs and in two groups
of four age-matched Wistar-Kyoto (WKY) rats. Quantification of AT and
heart rate variability (HRV) analysis were performed based on 24-h ECG
recordings in unrestrained rats. All animals were submitted to an emotional
stress protocol (air-jet). In SHRs, carbamylcholine injections were also per-
formed.
Results: Spontaneous AT episodes were observed in all eight aging SHRs
(median, 91.5; range, 4-444 episodes/24 h), but not in young SHRs or WKY rats.
HRV analysis demonstrated significantly decreased low frequency components in
aging SHRs compared with age-matched WKY rats (P<0.01) and decreased low/
high frequency ratios in both young (P<0.01) and aging (P=0.01) SHRs compared
with normotensive controls. In aging SHRs, emotional stress significantly reduced
the number of arrhythmic events, whereas carbamylcholine triggered AT and sig-
nificantly increased atrial electrical instability.
Conclusion: This study reports the occurrence of unprovoked episodes of
atrial arrhythmia in hypertensive rats, and their increased incidence with
aging. Our results suggest that autonomic imbalance with relative vagal hyper-
activity may be responsible for the increased atrial arrhythmogenicity
observed in this model. We also provide evidence that, in this model, the sym-
patho-vagal imbalance preceded the occurrence of arrhythmia. These results
indicate that aging SHRs may provide valuable insight into the understanding
of atrial arrhythmias.
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The spontaneous activity of pacemaker myocytes controls the heartbeat.
Automaticity is due to the presence of the slow diastolic depolarization phase,
which leads the membrane potential from the end of the repolarization phase
to the threshold of the following action potential. f- (HCN) channels under-
lying the hyperpolarization-activated “funny” current (If ) are thought to play
a key role in the generation and autonomic regulation of the diastolic depolar-
ization and heart rate, but their role is still subject of controversy. Here we
show that conditional and time-controlled expression of a dominant-negative
non-conductive human HCN4 channel subunit (hHCN4-AYA) in the mouse
heart leads to virtually complete silencing of If current (>95%) in the diastolic
depolarization range in the sino-atrial node and in the conduction system.
Heart-specific If silencing induced sino-atrial bradycardia, sinus pauses, severe
dysfunction of atrioventricular conduction and ventricular arrhythmias. In
comparison to control myocytes, the basal automaticity of hHCN4-AYA SAN
myocytes was reduced by 76% and by 67% in myocytes of the conduction
system. However, the relative maximal positive chronotropic effect of b-
adrenergic activation on in vivo heart rate, isolated atria or pacemaking of
individual SAN and conduction myocytes was preserved showing that If does
not play an exclusive role in heart rate regulation. Unexpectedly, crossing
hHCN4-AYA mutant mice with mice lacking the cardiac muscarinic G-pro-
tein-activated channel Girk4 (Girk4-/-) eliminated atrioventricular blocks and
ventricular arrhythmias without preventing the autonomic regulation of heart
rate. Our study shows, for the first time, the functional consequences of If
silencing on heart rate and rhythm and indicates the possibility of managing
cardiac disease related to HCN loss-of-function in humans by pharmacologic
or genetic inhibition Girk4 channels.
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Objectives: We aimed to test if genetic inactivation of the cardiac IKACh
current could improve the phenotype of mice lacking L-type Cav1.3 Ca2+
channels (Cav1.3-/-), a mouse model recapitulating the sino-atrial node dys-
function and supraventricular arrhythmias typical of the “sick sinus” syndrome
(SSS) in humans.
Background: SSS is an invalidating disease. The only currently available
therapy consists in the implantation of an electronic pacemaker. Cav1.3-/-
mice present several characteristics of the SSS, including bradycardia associ-
ated with atrial fibrillation or flutter, as well as type I and II atrioventricular
conduction blocks. IKACh is involved in autonomic regulation of heart rate
and in the triggering of atrial fibrillation by the parasympathetic nervous
system, but its role in establishing the symptoms of SSS is unknown.
Methods: We crossed IKACh-deficient mice (Kir3.4-/-), with Cav1.3-/- mice
to obtain double knockout (Cav1.3-/-/Kir3.4-/-) animals. Telemetric recordings of
heart rate and ECG waveforms of wild-type, Cav1.3-/-, Kir3.4-/- and Cav1.3-/-/
Kir3.4-/- mice were performed. The frequency of occurrence of episodes of atrial
arrhythmias was evaluated by intracardiac recordings.
Results: Genetic inactivation of IKACh in Cav1.3-/-/Kir3.4-/- mice signifi-
cantly improved the mean heart rate of Cav1.3-/- mice and completely abolished
atrioventricular conduction blocks. Atrial fibrillation and flutter that were typical
of Cav1.3-/- mice could not be observed or triggered in Cav1.3-/-/Kir3.4-/- mice.
Conclusion: Inactivation of IKACh effectively improved SSS in Cav1.3-/-
mice. Our study indicates that SSS patients can benefit of IKACh suppression by
gene therapy or selective pharmacologic inhibitors.
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Background: The transient receptor potential melastatin 4 (TRPM4)
channel produces a Ca2+-activated non-selective monovalent cationic current
that was detected in several cardiac preparations, including mouse sino atrial
node isolated cells. TRPM4 is known to participate in spontaneous electrical
activities such as in neurons or in cardiac ventricular preparations submitted
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to hypoxia/reoxygenation. Here, we evaluated whether it is involved in sinus
rhythm.
Methods: We used mouse, rat and rabbit isolated right atria that exhibited
spontaneous beating since they contained the sinus node. Intracellular micro-
electrodes were used to record the spontaneous action potentials under super-
fusion of oxygenated physiological solution.
Results: In mouse, superfusion of the non-selective cation channel inhib-
itor flufenamic acid significantly reduced spontaneous beating rate to 89±2%
(n=8) and 38±9% (n=4) of control for 10-5 and 10-4 mol.L-1 respectively.
Moreover, superfusion of the TRPM4 specific inhibitor 9-phenanthrol pro-
duced a concentration-dependant reduction in AP rate (maximal reduction =
62±3% that of control; EC50=8x10-6 mol.L-1 for 9-phenanthrol; n=13) in
wild type mice, but not in Trpm4-/- mice. Interestingly, the effect of 9-phen-
anthrol was higher when then initial beating rate was low. Similar results were
obtained in rat and rabbit. Recording the activity of specific sinoatrial node
cells in rabbit revealed that 10-5 mol.L-1 9-phenanthrol reduced diastolic
depolarization slope by 22±4% (n=4).
Conclusion: It is know that the diastolic depolarization slope is due to the
funny current If, the Na/Ca exchanger, the T-type Ca2+ current, and modestly,
a Ca2+-activated non-selective cationic current. TRPM4 most likely partici-
pates in this last current, exerting an effect against bradycardia.
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Gap junction channels (GJC) provide the direct electrical and chemical
cell-to-cell communication. Their electrical properties are considered as a key
factor for regulating the impulse propagation through the cardiac network,
which ensures the coordinated atrial and ventricular contractions. GJC are
made of connexins that display distinct specific expression patterns in the dif-
ferent cardiac tissues. Atrial myocytes co-express connexin 43 (Cx43), Cx40
and traces of Cx45 with varying expression levels and ratio in the healthy and
diseased heart. The aim of this study is to investigate the distinct contribution
of Cx40 and Cx43 in the GJC make-up and electrical properties. Rat Liver
Epithelial (RLE) cells that express Cx43 and stably transfected to co-express
Cx40 at accurate Cx43:Cx40 ratios of 0.5, 1 and 2, are used. Dual voltage
clamp recordings on cell pairs are performed to determine the electrical prop-
erties of GJC at each ratio. Compared to single Cx43 expression, we observed
that the electrical coupling decreases at low induction of Cx40 (Cx43:Cx40
=2), but increases at lower Cx43:Cx40 ratios. Interestingly, the voltage depen-
dence and the kinetics of deactivation of GJC are lowered and slower, respec-
tively: the higher the induction of Cx40, the stronger the effects. Preliminary
experiments that investigate the kinetics of recovery from deactivation show
that Cx40 induction slower or accelerate the recovery in function of the level
of induction and the Vj amplitude. Single channel recordings are under inves-
tigation to correlate the electrical properties to the GJC make-up. These results
suggest a distinct contribution of Cx43 and Cx40 in the GJC make-up and
function, which depends on the Cx43:Cx40 ratio. These findings will improve
our understanding on the gap junction channels make-up by Cx43 and Cx40,
and how this is translated into specific conduction velocities of the cardiac
impulse propagation in the healthy and diseased heart.
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Cardiac gap junctions ensure the coordinated propagation of the action
potential. They are clusters of intercellular channels (GJC) composed of con-
nexins (Cxs) Cx40, Cx43, Cx45 and Cx30.2, which display specific electrical
properties in the different tissues. In the diseased heart (e.g atrial and ventric-
ular fibrillations), Cxs remodelling and altered pro-arrhythmic electrical prop-
erties have been observed.The aim of this study is to determine the role of
each connexin in regulating the propagation of action potential. The mouse
atrial phenotypic HL-1 cell line, owning a spontaneous contractile activity and
that co-expresses Cx40, Cx43 and traces of Cx45, is used. Electrical record-
ings on microelectrodes are performed to characterize the cardiac conduction
velocity (CV). The electrical activity was recorded before and after pacing at
frequencies 2Hz, 5Hz, 10Hz and 30Hz to mimic the changing beating
frequency in the healthy and diseased heart. We observed that the higher the
frequency, the slower the CV. Interestingly, the conduction becomes disorga-
nized at 10 Hz, and chaotic and not homogeneous after burst stimulations
(30Hz), similar to signals observed in patients. This suggests that gap junction
channels adapt to the frequency to ensure a safe propagation, up to a threshold
that alters their make-up and electrical properties. Ongoing experiments by
SiRNA transfection on each connexin will be realized to determine their spe-
cific contribution in regulating the CV. The biochemical characterization and
patch clamp recordings are ongoing to correlate the localization and the levels
of expression of Cxs to the electrical properties of GJC and the changes of
CV.
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Ventricular arrhythmias are frequent in patients with repaired tetralogy of
Fallot but their underlying mechanisms remain unclear. In this study, ventric-
ular electrical and structural remodelling was assessed in an animal model that
mimics postoperative tetralogy of Fallot.
Piglets underwent a tetralogy of Fallot repair-like surgery (rTOF N=6) or
were sham-operated (Sham N=5). Following cardiac function assessment in
vivo by MRI 3-4 months after surgery, pigs were euthanized and their hearts
rapidly excised. Electrophysiological properties of right (RV) and left ven-
tricles (LV) were obtained by optical mapping. Fibrosis was assessed histo-
logically.
RV dysfunction was evident while LV function remained unaltered in
rTOF pigs. LV action potential duration (APD) was significantly longer on the
epicardium (Sham 280±50 ms; rTOF 390±76 ms) and endocardium (Sham
301±20 ms; rTOF 403±34 ms) of rTOF animals (P<0.05). RV epicardial and
endocardial APD were not different between rTOF and Sham RVs. LV con-
duction velocity (CV) was significantly reduced in the longitudinal direction
in rTOF pigs (65.37±6.76 cm/s vs 51.27±0.57 cm/s; P<0.05) but remained
unchanged in the transverse direction compared to Sham animals
(27.34±3.08 cm/s vs 30.19±1.97 cm/s). In the RV both longitudinal and trans-
verse CVs were significantly decreased in rTOF compared to Sham (P<0.05).
An elevated collagen content was found in both the LV and RV of rTOF pigs
(P<0.05). A trend for a lateralization of Connexin43 was found in the LV of
rTOFs which, together with the increased fibrosis, may account for the
reduced longitudinal conduction velocity in this ventricle.
Altogether, these findings highlight the presence of an arrhytmic substrate
in the ventricles of rTOF pigs. Interestingly, the remodeling in LV is reminis-
cent to that observed in LV failure, despite no functional alterations, and is
likely to contribute to ventricular arrhythmias in patients with rTOF.
